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R_ULTS OF TESTS OA.I_"AND IA9 IN T_E

RESEARCH C_ UNITARY PLAN WII_

ON /.NO.030-SCALE MODEL OF THE SPACE SHUTTLE

"_"HICT.P.2A TO DETERMINE AERODYN_4IC LOADS

R. H. Spangler
Rockwell International

ABSTRACT

Tests were conducted in the NASA/ARC Unitary Plan Wind Tunnels during
April and May 1973, on an O.030-scale replica of the Space Shuttle Vehicle
Configuration 2A. Aerodynamic loads data were obtained at Msch numbers
from 0.6 to 3.5.

The investigation included _ests IAgA, B and C on the inte_Tated
(launch) configuration and Tests OAI2A and C on the isolated orbiter (entry
configuration). The integrated vehicle was tested at angles of attack and
sideslip from -8 degrees to -'_degrees. The isolated orbiter was tested
at angles of attack from -15 de_ees to _0 de@tees and angles of sideslip
from -10 degrees to +10 degrees as dictated by trajectory considerations.
The effects of arblter/external tank incidence angle and deflected control
surfaces on aerodynamic loads were also investigated.
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PARA_ SCHEDULES:

ALPHA

A) _I_,O, I_,8 De_ees

B) -8. -6, -_, -2, O, 2, l_,6, 8 Degrees

C) -_, O, 5, i0, 15, 20, 22.5 Degrees

D) O, _, i0, 15, 20 Degrees

BETA

E) -4,O, l_,8 or -4,2, 4, 8 Degrees

F) -8, -6, -_, -2, O, 2, _, 6, 8 Degrees

G) -7, -5, 3, 5, 7, 9 Degrees

H) -8, -6, -4, -2_ 2, _i 6, 8 DeE_ees

I) -5, 5, % 9 oz -6, 4, 6, 8 Degrees

J) -i0, -5, 5, i0 Degrees

K) -8, -4, O, 4, 8 Degrees

L) -i0, O, i0 DeE_ees

M) -6, "3, O, 3, 6 De_ees

)
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INTRODUCTION

_e O.030-scale Aero Loads Space Shuttle model ,,.;astested in %he

Unitary Plan Wind Tunnels at ARC starting April 2, and continuing through
May 17, 1973 as follows:

IAgA ll-foot Transonic April 2 to April 14, 1973
OAI2A ll-foot Transonic April 16 to April 29, 1973
IA9C 8xT-foot Supersonic April 23 to May I, 1973
OAI2C 8x7-foot Supersonic May 2 to May 8, 1973
IAgB 9xT-foot Supersonic MaY 9 to May 17, 1973

The testing was conducted in all three legs of the Unitary Plan Wind
Tunnels to obtain a Mach number range from 0.6 to 3.5. Aerodynamic loads
data were obtained for the ascent and ex,tryconfigurations. The effects
of control surface deflections were also investigated.

This report consists of 3 volumes of force data and 15 volumes of
pressure data for a total of 18 volumes arranged in the following manner:

VOI/R4ENO. CONTENTS

i IAgA force data
2 IA9B and iA9C force data
3 OAI2A and 0AI2C force data

IAgA plotted pressure data
"'_ 5 IA9B and IAgC plotted pressure data
:_ 6 OAI2A and OAI2C plotted pressure data

_,, 7 IAgA tabulated pressure data

orbiter base

upper MPS nozzle
8 IAgA tabulated pressure data

' I!I QMS nozzle
bo'iyflap

/ t _ pod outside_ d lower wing surface
9 IAgA tabulated pressure data

.. let_ vertical tail surface
right vertical tail surface

, APU inlet
8RM booster base

_" I0 IA9A tabulated pressure data

external tank
external tank base

f
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IWmODUC_ON (CO_UED)

ii IA9B tabulated pressure dnta

a' orbiter fuselage
bc! orbiter b_se

l! upper MPS nozzle

QMSnozzle
body flap
Ck_ pod outside
lower wing surface

12 IA' B tabulated pressu:,edata
"__ upper wing surface

righ'_vertical tail surfaceAFt inlet
BRM booster base

booster
external tank
external tank base

13 IAgO tabulated pressure data

orbiter base

upper MPS nozzle
OMS nozzle

CES pod outside
14 IAgC tabulated pressure data

upper wing surface
left vertical tail surface

right vert._,caltail surface
15 IA9C tabulated pressure data

SI_4booster base
SRM booster
external tank
external tank base

16 OA12A tabulated pressure data

" orbiter base
upper MPS nozzle
0MS nozzle

_,_ pod outside

)
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IIf_ROI_PTION(roNPI__DF._)

1.7 O;_I,;Atabulrite,1l>r,,_nurcdr.,t,,

I:)upper win_:;:ur_'(_t',_

)!I le_t vertlc',_ltall ::urCac,,
ri_'btvertic,_ltoll _,r$%c,:.
APU inlet

1_ OAI_C tabulated pre_;nure_ut_
All c_ponents
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NOM_CLATt_E
_nerrJl

_ADSAC

,, _peed of ooux,d; m/sea, ft/sea

Cp CP pressure coefficient; (_I Pm)/q

M MACH Moth number; V/a

p pressure; _/m2, psf

q Q(N_N) dyneg£c pres._,ure;I/2#V2, N/m2, psf
Q(PsF)

RN/L .R_./L unit Reynolds number; per m, per ft

V velocity; m/sec, ft/sec

¢I ALPffA angle of _tteck, degrees

BETA angle of sideslip, degrees

PSI _ngle of yew, degrees

PHI _ngle of roll, degrees

# m_s'Jdensity; kg/mB, slugs/ft3

Reference & e.G. Definitions ,

A[. base _ree; m_, ft2 ....

t _EF win6 span or reference span; m, f_

,.._,. center of gravity

_ _REF reference length or wing mean
(; _erodynenLtc eho_:l; m, ft

"-. ',_R_ wing 8re,J or reference area; m_. ft _

I_P moment reference point

X_4BP moment reference point on X axle

moment ruference poLnt on ¥ axis

_P moment reference point on Z axis

_' h_._%_
L t_se

LO_BL

." _tstl_ co_tio_s
,_ total ccn_Itlona P

fr_e _treem

22
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.... _OM_CLATOI_E (Continued )

B_ood_,AxisSystem

SADSAC

_o_____L_o_____L__o_

CN C_{ normal-force coefficient; norm'_lq_fOrc,'

CA CA axial-force coefficient; axialqsfOrce

Cy CY side-force coefficient; sideqsfOrce

CA. CAB base-force coefficient; base forceqS_D
-Ab(_-p_)/qS

CAf CAF forebody axial force coefficient, CA - CAb

Cm CLM pitching-moment coefficient; pit chin_ momentqS_REF

Cn CYN yawing-moment coefficient; vawins'"qsbm°ment'

C_ CBL rolling-moment coefficient.; r°llins,[Sb_oment.

Stability-Axis Syztem

CL CL lift coefficient; li____qS%

CD CD drag coefficient; dmagqs

CDb CDB base-drag coefficient; baSeqSdrS_

CDf CDF forebody drag coefficient; CD - CDb

Cy CY side-force coefficient; sideqsfOrce

Cm Cl_i pitching-moment coefficient; pitchin6 momentqsLR_,

CLN yawing-moment coefficient; F_wing momen-t
Cn qSb

('_ CSL rolling-moment coefficient; rollingqsbmoment

L/D L/D lift-to-drag ratio; Ci/C D

to forebody drag r:_tio; CL/CDfL/Dr _,/DF lift

23
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 O CLARE(cozmwm) "

ADDITIONS TO STANDARD LIST

PLOT

S_4BOL SYMBOL DEFINITION

6R RUDDER rudder, surface deflection angle, positive
deflection, trailing edge to the left; degrees.

6e ELEVON eleven, surface deflection angle, positive
deflection, trailing edge d_n; degrees, i

6RF RUDFLR rudder flare, split rudder deflection angle, left
split rudder trailing edge left and right split

rudder trailing edge right, 6RF = (6RL + 6RR)/2,

positive deflection; degrees.

io 0RBINC incidence angle between the orbiter and external
tank, Io = at - at; degrees. !

_T BETAT angle of sideslip of external tank.

a T ALPHAT angle of attack of external tank.

_B LB length of orbiter body; in,

_T LT length of external tank; in.

_s LS length of SRM booster; in.

_NM LR4 length of CMS nozzle, positive direction forward
of exit plane; in.

_NP LNP length of MPS nozzle, positive direction forward
of exit plane; in.

b/2 BW wing seml-span; in.

bv BV vertical tail span; in.

x X distance from component nose; in.

y y lateral distance from centerline; in.
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'_ Ne_NCLA'IImE(CONCLUDED)

PLOT
SYMBOL SYMBOL DEFINITION

z Z v_-tical distance measured from W.L. 500 _vertical
tail reference root chord); in.

cw CW local wing chord; in.

cv CV local vertical tail chord; in.

x/_B X/LB longitudinal position/orbite_'body length.

x/_T _LT longitudinal position/external tank length.

x/_S _LS longitudinal position/booster length.

x/_R4 _laM longitudinal position/CMS nozzle length.

X/_Np _I/IYP longitudinal position/MPS nozzle length.

x/% _CW local chordwise position/local wing chord length.

x/cv _CV local chordwise position/local vertical tail
chord length.

y/b/2 Y/_ localspa_iseposltion/wi_gse_-_p_.

z/bv Z/BV locsl spanwise position/vertical tail span.

8 L
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coNFIGURATIoNs Ilr¢'ESTI GATED

The O.030-scale aero loads model was a replica of the Space Shuttle
Vehicle 2A. It consisted of four major components: the orbiter, the
external oxygen and hydrogen tank (ET) and two solid rocket boosters (SRB).

0m the ascent configurationI the orbiter was strut mounted from the
ET on a Task Corporatiom MK XVI 2.5-inch diameter internal balance. The
left SRB was strut mounted from the ET on a Task Corporation ME XXII 1.5-
inch diameter internal balance. No attempt was made to simulate actual
inter-attachments. The ET was sting mounted to the tunnel model support
system on a Task Corporation A.O-inch diameter internal balance. The
right SRB was strut mounted symetrically to the left side, but did not
contain a balance. The orbiter configuration, designated as 02A, con-

slstedofocgvw87v3F .

The entry configuration consisted of the isolated orbiter, sting
mounted to the tunnel model support system on a Task Corporation ME XXA
2.5-inch diameter internal balance. Midway through the OAI2C test, the
ME XXA balance was damaged and was replaced by the ME XXB for the high
angles of attack. The orbiter was provided with deflectable elevons by
means of interchangeable brackets, deflectable rudder by means of a pin-
indexed hinge, and interchangeable rudders to obtain different speed
brake flare angles. The main propulsion system engines were removed dur-
ing entry configuration testing to provide sting clearance. A cover
plate was provided for the strut clearance hole.

The orbiter was instrumented with 374 pressure orifices on the left
wing_ left side of the fuselagep vertical tail, left 0MS pod and engine,
left and upper MPS engine and the base. The pressttreswere measured
using eleven Scanivalve, Inc.p S-type valve modules mounted internally
(a five and a six gang unit). When tested in the entry configuration,
the MPS pressures were not available for measurement.

The left side of the ET was instrumented with 136 pressure orifices.
These pressures were measured by means of 7 Scanivalve_ Inc., S-type
valve modules configured as one unit of 6 modules and one single. These
valves were mounted internally in the tank. The left SRB had one gang
of six S-type modules to measure 102 pressures. The right SRB was not
instrumented. The pressure transducers used in the valve modules were
Statham PM 131 TC differential pressure transducers, with ranges of +_i0
psidt +_12.5psid and +_15psid. Reference and calibration pressures were
measured by the ARC micro manometers.

Some modifications were made to the model at the test site prior to i

26
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testing. These were as follows:

i. The forward tip of the _T containing the retro rocket package
(Reference NR Drawing VL78-000018) was replaced with a flush
0.90 inch radius nose (Model scale). The new nose had five
pressure taps; one in the nose and four more aft of the nose
on the vertical and horizontal axis on a 0.315 inch radius.

2. The ET balance cavity was enlarged by one inch on the diameter
(from 5 inches to 6 inches ) to provide clearance for cable
routing and eliminate balance interference.

3. The clearances around both the orbiter and the SRB struts were
opened to approximately 1/8 inch to prevent interference.

4. An alternate rudder hinge pin was provided to give a rudder
deflection of +15 degrees.

Before and during the tests various model discrepancies developed
or were discovered. These were generally minor and had only a negligible,
if any, effect on the data. Significant discrepancies are noted below:

i. Pressure orifices PlT1 and P173 on the CMH pod base were
omitted.

2. During the test certain pressure taps _eveloped leaks or
became plugged. Data from these taps are questionable and
should be used with caution. Difficulties in checking may
have resulted in erroneous indications of leakage. Repairs
were made t_ correct leaking or plugged pressure instrumenta-
tion, whenever possible, as the test progressed. The follow-
ing list gives those taps that were indicated as bad on the
various leak and response checks:

ARC Facility Run Nos. Orifice numbers with questionable pressure
data

ii' 2-4 72, 163, 427

I 5-118 31, i00, 123, 163, 201, 427

119-160 16, 98, i01, 107, 333, 427
i

161-170 16, 98p i01_ 107, 333, 427 + 306, 307_
327, 328, 336, 337, 356, 357, 375

' ', " .... /:94_':_'_--', - _ ...... 5" -:": ....... .. ':.. - - " -t:::. f ":' " "f. , . ......
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C0NFI_JRATI0_S INVESTIGATED (C0NCl/YDED)

Orifice numbers with questionable pressure

ARC Facilit_ Run Nos. data

ii' 171-182 16, 47, 53, 75, 78, 98, 107, 201, 236, 237,
238, 307, 327, 365, 427

I 183-189 Same as (171-182) + 7, _7, 52519o-2_ samea_.(1__-182)

8'x7' 220-2_ 20, 21, 24, 74, 326, 327, 336, 424, 427,
752, 868, 871

235-285 74, 326, 327, 336, 424, 427s 752, 868, 871

286-300 74, 107, 115, 124, 129, 138, 326, 327, 336,
427

301-305 74, 326, 327, 336, 427

306-333 74, 326, 327, 427

9'x7' 340-396 5, 325, 326, 327, 424, 427, 526, 752, 868,
871

28
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TEST FACILITIES DESCRIPTION

Ames ii x ll-Ft. Transonic

The Ames ii x ll-Foot Transonic Wind Tunnel is a variable density,
closed return, continuous flow type. This tunnel has an adjustable
nozzle (two flexible walls ) and a slotted test section to permit
transonic testing over a Mach number range continuously variable
from0.4to 1.4.

Ames 8 x 7-Ft. Supersonic

The Ames 8 x 7-Foot Supersonic Wind Tunnel is a closed-return,
variable-density tunnel with a 8- by 7-foot rectangular test
section. The nozzle has flexible side walls with fixed upper and
lower surfaces. Mach number range is continuously variable from
2.45 to 3.5. Tunnel stagnation pressure can be varied from 0.3 to
2.0 atmospheres and Reynolds number per foot varies from 1.O x lO6
to 5.0 x lOb.

Ames 9 x 7-Ft. Supersonic

The Ames 9 x 7_Foot Supersonic Wind Tunnel is a variable density,
continuous flow type with an adjustable nozzle to permit supersonic
testing over a Mach number range continuously variable from 1.5 to
2.5. The nozzle is of the asymmetric, sliding-block type in which
the variation of the test section Mach number is achieved by trans-

lating, in the streamwise direction, the fixed-contour block that
forms the floor of the nozzle.
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_,.T.A R.E]NJCTION ')

Standard procedures were utilized to reduce force and pressure data
to c_fficient form. The following dimensional constants were applied:

Reference Dimensions and Constants

(ModeZScale )

SRef. = 2._21 ft2 Orbiter reference area

_ef. - 39.849 in. Orbiter reference length

Base Areas (Model Scale)

ABOI = 0.1903 Ft2 Orbiter base area, integrated

ABOA = 0.2362 Orbiter base area, sting mounted

; A_ = 0.0_17 Orbiter upper MPS base area

AI_iI:_L = 0.0853 Orbiter lcr_er _ base area

.. ARACPS = O.0510 Orbiter ACPS base area o,1_ pod

" ABOM_ = 0.0231 Orbiter C_S nozzle base area

..i ABPOD = 0.0257 Orbiter _ pod base area

i, _4_0 = 0.0611 Orbiter stlug cavity base area

,. ABNOZ = 0.0564 SRM nozzle base area

t ABSKIRT = 0.1729 SRM nozzle skirt base area

_i ABETI = O.3189 ET Base area
%

i ACET = 0.1964 ET Sting cavity base area

30
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TEST: O_a. /r_? , _ z. |DATE: M_y,z973 .
_' TESTCONDITIONS

im i i t ml u = |

REYNOLDSNUMBER DYNAMICPRESSURE iTAGNATIONTEMPERATURE
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....... i
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I. I 4,0 _'c:_
i .a._" . 3'.o g_&o
I, "t _.o _-o
/, a-_" Z,9 t, oo
_.o . _.3 ,V..,9o

J.o _.o a,,,._::,
3,s" . ,,?,o 3 oo ..

ii • J

i i

ii ii i i

i

IIII III

BALANCEUTILIZED:_ /_/ C4p_c 17-/_S MS _o_.__oo._S"m_

._._r_ O,_,/'_.,e .Z'Nt"_c;,_=/'_,_ _'_;c_

W,_ 30 OO 3 oo o a.#oo ,i_-_ qo oo
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I

II
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• TABLE %II. MODEL C(_4PO_ DIMENSIOnaL DATA

MODELCOMPONENT: _.o Bo.d_ •m i i i i i i i i

GENERALDESCRIPTION: l_selAg.e, 2A Con/igura_ton, _LghtweiEh_ Orbi_..eT,. per• i i, i • i I

Rockwell Lines VT,_:).--00_89 "B." I m i i i el i ii

_ [ • i i i I ii i! i i I ii ,

Scale Model = •030
i i ,l ii IlL ii I i]] ILJ ii Hi I

VL70-000089"B"
DRAWINGNUMBER: VL?O-O00092,93, % "l"

, i _ i i, I II II I

DIMENSIONS: : ,. FULL-SCALE HODE,LSCALE

Length._iN . _

Max. Width ._IN (.._o = 1528.3) _6_..0. ,, ?:.9500 ,.
-%

Max. Depth .._IN. (OXo= 1_0.52) . 248.0 ,.. 7_-_

Fineness Ratio ..... 5.012 _ 5.012

xrea,-,l_z . .... T "

• Ha_. Cross-Sectional ' 4_.4 , ..&.1076

Planform ........

Wetted ......
• o *,t.., ° °" '

B...se "" ill| i

e
" .__ % , e* • ", •• • • °

"." .. , "% ". . ". :" ":. ... : .• ., ..

•. °,

: ; l.o,_

"- .)

t
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nz. (comm  )
• , . . '.

• . ° • . .

mDELCOMPONENT: _,,._.v-c_
_ . . . . | -- I n i in n m

• : •, .
• , : • . •

":." ' GENERALDESCRIPTION: _k Confieuration pe__Ltnes 9170-000092 ..

I I I i I

• e i i i n i

" Model= .0 o , i
." \_ ".

DRAWINGNUMBER: oW.,_9,_.._ ••
..

•DIMENSION.S: - .. FULL-SCALE MODELSCALE

• Length (STAnrD _.khoa_) _?l.O 11.?_o

• Max. Width (T.S. Bu_l_.e_ci) . F_).O . _6;eO0 .

Max. Depth (WP "42.9 22 to -500) .....

FinenessRatio . . .

Area .

.. Ma_. Cross-Sectional _

Planfom . i

.
. mi

• Wetted• " I II n

• .,o

Base : ,. " *::_, ...... :.:. -,-___. -;- , , .,,-
•... .. _'...?: . : . ,. .. _.

• . _, :, , .:.'.:.'."_'.,..."'. • "':,. ":'...." ... .. ..... ; '" " .. 5.. .. •
e.lO .o. :: .* ; '-_ o_ • so _m" " '

• ". * t'., q_ "" .'-. &'.%
.I *. al.

• .t, • "+
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T_I31,EIII. (COI_I_JED)"

IODELCOMPONENT:Memtpu2atorFfouatng1)7 - ' _ "
ill I

• e

: GENERALDESCRIPTION: 2A Conf.i_u-atton per Rockwell I_es VL70-000093
. I I i

I all , i la i : i i _

I I an nn
| n

ScaleModel- .030 " •
• I I i i i

DRAWINGNUAtgER: V'1,7_3 . •

DI,MEHSIO.NS: FULL-SCALE MODELSCALE

Length_--IN. -. '" 881.00 26._30
• i I •

Max. Htdth_-Dl. 51.o0 i._0
.':,: " _ • ,

Max. Depth_--_. 23.00 .690
m i

FinenessRatio
'. • i i I ill

Area ..
e

: .. Ha_. Cross-Section41
i! -- •

Planfom
lie

I_etted
• . I I

: • Base,
• •,el II

" " D'_s'ela ; =,0.00 ."" . . ,_. ........ _: ..., _.. ,. ............
• %

wP-_0o.ozN.Fs
X._26.0to I_7.o IN.FS

q

e'

• ,]iF

• %, .

b t

O0000001-TSDIO



• hi.
RODELCOHPONENT:,WING,-W_New'm_ht WeiRht O_;_t,er ........

GENERALDESCRIPTION:Orbiter Comt'tKu,Patton Per _L.neaVL?O-O00093.

• •NO?R" (DihedralAnlleis definedat the lowr surfaceof the Wing at the 75.33_

.lam.n_ )_ne __PGJe_tedinto _, _lane Der_endic_l_. ,......

R_tl A Mndel =" .O'_0 : c I t I l - I I I I l I

,o. o G.,o.  ?o-oooo93
DXHENSIONS: FULL-SCALE MODELSCALE

TOTALDATA
Ftz

Plan form 26gOL,O0

an (Theo In, 936,_B. ,28.,1004q;pect Ratto 2.265 2r :_65
Rate of Taper i,i?? 1.177 ,
Taper Ratio o- xx) _0-2000
glhedral Mgle, degrees "_._C_
Inc idence Angle, degrees "_.ooo +_.oo
AerodynamtcTwtst, degrees _. _o0
SweepBack Angles, degrees

Leadtng Edge J.s.c_ _..
Tratltng Edge _ ,,-10.2_
0.25 Element Llne _ 3S.:_9

Chords:
Root (Theo) B.P,O,O, _
Ttpp (Theo) B,P, A683_ _

Fus. Sta. of .25 t¢_C _
.WoPoof .25 MAC _

18_.1} B.L. of ,25 HAC , _
EXPOSEDDATA
_o) Ft2 1752.29 1.5??06

Span, (Theo) In. BPI08 to _68.341 _
Aspect Ratio 2.058 2.0_8
Tap,.=rRatlo ;_;1 ...... ,2J,51.
Cho_s

Root BPI08 _62,40 _6.8720
Ttp 1.00 b _

T 393.03 ZZ.79ogO• MAC
Fus.Sta. of .2SMAC -1/8_;.,_i .-_5.55930
W,P, of .25 MAC 300;207 9.00621_
B.L, of .25 MAC _ z_.31280

Atrfotl Section (Rockwell HodNASA)
XXXX-64

Root b = ._25 _0 , , .10

b = 1.00 .12 ,12
T_p T

Data for (1) of (2) Sides

Leadtng EdgeCuffrt2.Planform Area _....
Leading Edge Intersects Fus M. L. e Sta 560.0 _
Leading £dge Intersects Wtng@ Sta 1035.0 31.o_0

NAAAAAA'l _T_ _ 4 4



MODELCOMPONENT: _evon F_18 ...........

GENERALDESCRIPTION: _ Conft_r,_a¢4n, p_ w._q Roak-,mll T._ne_Vt ?_-0_n93

Data for (1) of (21 Sides ....

i _ i t t i i

.LScaleModel = .030 .........

DRAWINGNUMBER: vLgo-cx_Oop_

DIMENS[ONS: FULL-SCALE MODELSCAL_

Area,,_Fi; 2 20_,_2 .18k97

span(equtvalent)_-_. 353._ .... !0.60020

Inb'd equivalent chord Z1_78 3._,3_0 _

Outb'd equivalent chord llS>'_ 'l _,_

Ratio movable surface chord/
total surface chord

At Inb'd equtv, chord .208 .208

At Outb'd equiv, chord _ ._ Ill ._

Sweep Back Angles, degrees

Leading Edge 0.00

Tailing Edge _

Htngeltne 0.o0

Area Moment(Nomal to hinge ltne) Ft,3 1_8.07. .Olh)80 ..
Product of Area Momont



• MODELCOMPONENT:VERTICAL- V_; (Ui[h¢ WetEht,Orbt.ter Configuration) ....

G_tERALDESCRIPTION:Centerline Vertical Tall I ,Double Wedge Airfoil vlth Roumded

LeadtnK _dge
I J I I J_ _ _ J I _ II I I | I _ _ I II I I

I __ - _ : [ ' _ . L I I LL I I

e

Scale Model - .030
I - I I m | I | l JI I • l II ] II

DRAWINGNUMBER: VLTO-O0009_J L. I I _.L_ --L I I1|

.D.IHENSIONS,: • FULL-SCALE_ _,DEL SCALE.

TOTAL.DATA

Area (Theo) Ft2 &13.25 .y_lg_
Planform , .

Span (Theo) In _
Aspect Ratto
Rate of Taper O._o7
Taper Ratto ._0_ ._0_ ,
SweepBack Angles, degrees

.o00Leadtng Edge _
Tratltng Edge 26_.2_?
0.25 Element Ltne kl.l_.O ,

Chords:
Root (Theo) WP 268.50 8_0_:)0 ....
Ttp (Theo) WP 108._? _./_.10

MAC _ _5"99L'_

Fus. Sta. of .25 MAC _.3:9_(J0
W. P. of .Z5 MAC ....
B. L. of .25 MAC , 0.00

Atrfotl Sect1on
LeadtngWedgeAngle Oeg lO.OOO lO.OOo
Tratltng WedgeAngle Oeg ".
Leadtng EdgeRadtus IS. .06

Votd Area Ft _ _
Blanketed Area pt2 • _ .OlZ_O

00000001-TSD13
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,[,_u_ zzz. (co_z_IED)

MOD[LCOMPONLNT: R-5 Rudder

GENERALD[SCRIPTION:...._ Conftm_rat.tonper _elcw,1 ! Z_neaV/e_70-_95

OlME,,SI ONSL ,FULL-SCA,LE MODELSCALE

Area _- Pt,2 106.38 _.9.q.523_

Span (equivalent) ,,-DI. _ _b.D3lL_

lnb'd equtvalen'_ chord _

Outb'd equivalent chord 50.83_

Ratio n_vable surface chord/
toL_l surface chord

At lnb'd equiv, chord 0./,o0 _O,3d_O___.

At. Outb'd equiv, chord _

SweepBack Angles, degrees

Leading Edge ..3_.83 3/,. 83

Tat ling Edge 26_2_

Htngeltne 3J_,83 , 3/,.83

Area Moment(Normal to hinge 1tne),,-_3 526.13
Pro_u_-t of Area and Heart Chord

00000(3131 _TRn1,4
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III,. (COX_ED)

PlOOELCOMPONENT: _ Pod-N3
I I el I ill I I I i In

:. ENERALDESCRIPTION: _ Ltlht WeiKht ConftKurat:Lon .per.,P_c]c_re.ll L:iate8

VI.'70-OOOO9n.A ...........

I I I i I i i i i •

SeA1a M_lel - O_QA ii ill i ml i i

DRAWlNGNUMBER: VLTO-_O009_ "
ii

DIMENSION.S: F,U.LL-SCALE N.OD..ELSCALE

Length -. 346.o lo,38o

Hax. Width X " 1450.0 108.0 3.._..O

Hax. Depth Xo- ].500.o 13.3.o 3..:390 . .

Fineness Ratio ... ,

Area

• Ha_, Cross-Sectional L i i i L III lira

Planfom ......

Wetted .......

: '885e• . * .. i • mlmJ i n ii

:.: ....... . .... . ........" " " " - Q *.*" -'5 ,. _o_
• ' _, , po .o

n 63.9 z., FS vr + 63.9- 463.9

BP - 80.0 IN. F$

I,en_h 12._.0 to 1560.0' - 3_0.0 IN. FS

,,o'_ o o '_ 'i _ _'' , . _ _ ,, ,_._

00000001-TSE01
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zTz. (conn m)*

MODELCOMPONENT:.. _'_._x:ly _'_s_ ..... " "" _ "

GENERALDESCRIPTION: _....O?.nfJ._.ra%ion per ]_ook_ll 14.nesVLTO-OOOO9&AI I •

II II I m, , • nl I n I n, u n I I J

I I nI m u I n nn I I N i i in INn

Scale Model " .030

O ,.WXr Gr!UMSER: ?o-booOg A., • •

DZHENSIONS: FULL-SCAL_.E MODELSCALE
".

Length • " " 8&.70 2.5_l

Max. Width 265.00 _ 7..950
e_

Max Depth '• j [i I I n i i

Fineness Ratio -,o II IJL_ I IL •

Area _- 1_2 .. • • •

• MaX. Cross-Sect.tonal ._,.

Planfom . I_. ;_ ' .1,2838 ,

_/etted _ _ I i

__3"8._..65..__" 03_.?8B,,.se :m,,2 ' ""
• . .* • . I I

t,.. • ,* - " ;" " _.* .* " e• "•'° %"' * • " o
. • . •" • ',., , : • • .

I

4_

• • • _o

. *,



In.
MODELDIMENSIONALDATA

MODELCOMPONENT: S_l-Booster Solid Rocket,,MotoT

GENERALDESCRIPTION: P_.AConfiBm'at,ion Per Boekwell LCn,e.s VLT7-O00012

& VL72-000061"B"
........... ii

Body of Revolution; Date for (1) of (2) Sides
I m q i i • i L I

Scale Model = .030
I i i mm

DRAWINGHUMBER' VL 77-000012J i I

DIMENSIONS: FULL SCALE MODELSCALE

Langth-IN. 1732.0 51•96

MaxWidth (DIA) IN. BSRM Tank 142.0 4.260

Max Depth(DIA) Aft Skirt; _ 259.0 7-77

FinenessRatio L/D 6._87 6.687

Area- Ft 2 .....

Max. Cross-Sectional(Aft ,, 365.87 .32928
skirt)

Planform

Wetted

Bale ,, , ,

Ref.

F_ (Orblter)= 0.00 = 747.99 IN. KT = 200.0 IN. BSRM

WP (BSRM)= WP 400(Orblter)- 3h_.hi3" 55.587IN.

BP (Orbiter): O.O0 = 2_3.0 IN. _SRM

53
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MODEL COMPONENTs EtTEP.J_1AL_,_ , TANK.._- T9 , .' _ _ _ +
to

GENERAL DESCRIPTION: 2A Con£igu_tion ..

., l il • ui ii li i i% • l • i i

. NOI'E: T_ iden.t_e_l to T8 ','1/O re%to pkg. t nose w/30"R P.S.

n i, • i _ i • __ m

DRAWING NUMBER .... NONE

DIMENSION: FULL SCALE MODEL SCALE
• ,, , ,L ,

•Length - IN. 18_8 55.740

Mo_ Width (Dia) - T.N. 92/+.0 ?;720
.o

Max Depth + :

FinenessRatio L/D . 5.73457 5.73457

Areo- FT2

Max Cross-Sectlonal " _72"_6 " O. 51530

Plonlorm
2"

, Wetted
_ J. m, , , . 11

i

Base " "
• J I l __ _

• °%

Nose, Radius, IN. 30.0..... +

..

+

t °

1 + •

51,

'' ) "

@

1

• ° "': ,. "+ o _'' +_7-_ ...... _,- , i ....... " + , • %'-"i"-':+ " • '° .... . +"Z_.:'-,., ..... _.+'++.-.,+,;---.-_+- - " +......... _- _ .... --.-.:'_:+-

..... - .............. :............... +t,-.+'+r_ ............ + il i
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LEFT SRZ,,,

,m i i

SRM STATION - %S 8 _ DEG

FULL MODEL XS/_S 0 55 90 13_ 180 225 270 315
, i i

]

200 6.00 0 810

260 7.80 .03_ 8LI 81,?. 813 81_ 815 816 817 818
370 11.10 .097 821 822 823 825 825 826 827 828
MOO 12.00 .Ii_ 831 832 833 835 835 836 837 838
550 13.5o .Ib2 851 8)¢_. 8h3 85h 865 8_6 8')7 8_8
550 16.50 .199 851 852 853 85_ 855 856 857 858
700 21.00 °285 861 853 865 866 867 868
850 25.50 .370 871 873 875 877
1050 31.50 ._85 881 883 885
-'1.250 37.50 .597 891 893 895
155o _3.5o .TXl 9Ol 903 905 907
165o _9.5o .8_5 911 913 915 917
175o 52.5_ .882 921 922 923 92_ 925 926 927 928
1790 53.70 .90_ 931 932 933 935 935 936 937 938
185o 55.20 .939 9_I 952 9_3 9_ 9_5 956 957 948
19oo 57.00 .967 951 953 953 955 955 956 957 958

l

NOZZLE BASE 801

SKIRT RASE 802 803 805 805

e. Left SRM

Table IV. Concluded.

": 59
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